INTRODUCTION
The endemic range of the Grey Parrot (Psittacus erithacus) covers a surface area of about 3 000 000 km 2 corresponding to approximately the area of the African rainforest and the surrounding woody savannah (ClavaudBesson,1996) .The species generally are found within the rainforest ecosystem in Central and West Africa and *Corresponding author. E-mail: atamungang@yahoo.com.
Author(s) agree that this article remains permanently open access under the terms of the Creative Commons Attribution License 4.0 International License marginally in East Africa (Fry et al., 1988) . The parrot has a particular affinity for the tropical rainforest with low altitude, the edge of forests and clearings. The bird is a frequent visitor to gallery forest of the grassland, mangrove forest along Riverbanks, swamp forest, guinea savannah, cultivated farm, plantations and tall trees in parks. The bird can be observed sometimes in human gardens (Clavaud-Besson, 1996; Del Hoyo et al., 1997; Juniper and Parr, 1998; Hunt et al., 2002) .
The Grey Parrot is a secondary cavity nester since it cannot excavate its own nest. On the contrary, a primary cavity nester like the woodpecker excavates a cavity and uses it for a nest (Fry et al., 1988) . Therefore, the Grey Parrot relies on natural cavities formed in trunks of big trees up to many meters above ground (Tamungang and Cheke, 2012) . The first step in nesting is the search for a nest site, which may be at the beginning of a breeding season and vary from species to species as well as from habitat to habitat (Pain et al., 2006) . In most bird species, both sexes cooperate in looking for a nest, but the female determines the appropriate one (Brawn and Balda, 1988; Ramos et al., 1997) . Sustainable population growth of the Grey Parrot its endemic range therefore depends on the availability of suitable nest cavities for active population recruitment (Martin, 1993) .
Nevertheless, the destruction of habitats of the Grey Parrot is today the greatest threat to the survival of the species in the range states (Martin et al., 2014; Olah et al., 2016) . Habitat encroachment and fragmentation by humans often has subtle and far-reaching effects that are not readily apparent at the beginning. As patches of habitats become smaller and more isolated from each other, the Grey Parrot which is known to require a large home range (Tamungang et al., 2001 ) finds itself restricted to areas that are too small for its food, shelter and reproductive requirements. Such a parrot in the isolated habitat with reduced size is much more vulnerable to nearby human activities such as poaching, pesticide use, air pollution and noise. Consequences of these activities are population depletion that could lead to local extinction if the pressure continues on the birds for a long time. The rapid destruction of the rainforests therefore has an alarming implication for both humans and the animals. It is estimated that 1.10 x 103 km 2 of rainforest were destroyed in Cameroon between 1981 to 1985 (Food and Agricultural Organization (FAO), 2000 . Myers (1989) made a combined estimate of deforestation of rainforests in Cameroon, Congo, Gabon and Zaire at 4, 200 km 2 in 1980 and 7,300 km 2 in 1989. About 70% of rainforests in Cameroon have already been destroyed (GFW, 2000) . In another study Tamungang et al. (2013) noted that no primary forest is left in Cameroon outside the remaining National Parks and Reserves. With improving road networks, rising prices of timber and increasing number of rainforest species being used, many forests are being repeatedly exploited unsustainably (FAO, 2000) . This situation has been worsened by the Tamungang et al. 143 current economic crisis and a big slash in salaries of civil servants and in the face of inadequate environmental education and weak wildlife law enforcement. Extensive poaching and illegal parrot trade are some of the major challenges facing sustainable Grey Parrot conservation proponents in Cameroon (Tamungang et al., 2016b) . Thus, high socioeconomic exploitation pressure of the parrot habitats leads to the destruction of nests and nest sites, which in turn reduces breeding pair potentials (Amuno et al., 2010; Tamungang and Cheke, 2012) . The paucity of studies on nesting, site characteristics of the Grey Parrot and the urgent need for such information for informed conservation management and policy decisions which was the driving force behind the initiation of the study. Hence, results of the research will be used to ameliorate habitat conditions for improved breeding activities of parrots in the wild by reducing human impact on critical nesting sites and also to improve the design of captive breeding facilities of the parrot around the world.
Concisely, identifying critical nest characteristics and conserving a majority of the nesting sites of the Grey Parrot and the values associated with them is a contribution in consonance with the current global efforts in the conservation of biological diversity and in fulfilment of a unique role of African rainforests as a repository of genetic resources.
Thus, the need for effective conservation and management of parrot resources as an integral part of our biological diversity may not be over emphasised.
MATERIALS AND METHODS

Study area design
The first phase of data collection was a broad base survey of nest sites of the Grey Parrot in the entire South Region of Cameroon. However, to reduce the surface area of the study a more detailed study was carried out in the proposed Kom National Park (KNP) and the adjacent Mengame Gorilla Sanctuary (MGS) Complex which has more varied vegetation representing major vegetation types that can be found in the Grey Parrot range in the South Region of Cameroon. The general survey was carried out from 2008 to 2010 and the detailed study in the KNP-MGS Complex was conducted from November 2010 to December 2014 (Figure 1) .
The KNP-MGS complex is located between latitudes 2°15"and 2°25" N; and longitudes 11°40" and 12°42"E. It covers an area of about 958 km 2 found in the lowland rainforest of the Congo Basin. The complex is rich in species diversity, composed of many types of sub-ecosystems (evergreen rainforest, swamp forests, raffia palm forests, and secondary forests). The Complex is bordered to the South by Kom River which is the natural border between Cameroon and Gabon to the North by Mvangane and Oveng Sub-Divisions to the West by Lobo River and to East by Djoum Sub-division Figure  1 .
The study area had an average annual temperature of about 24°C and the rainfall from 1500 to 2000 mm. It usually rains throughout the year with two maxima: in September to October (long rainy season) and March to April (short rainy season). The minima occur in December to January (long dry season) and July to August (short dry season) (Laclaviere, 1980) .
Identification and distribution of nests
Sample plots of 200 m x 200 m each were selected and considered to be random representative of the vegetation types with a spacing distance of at least 200 m apart (Scherrer, 1984) . Thus a total of 40 sample plots were obtained for the study area and distributed as follows: 10 in primary forests, 10 in secondary forest, 10 in cocoa plantations and 10 in annual crop plantations ( Figure 1 ). Four lines transect each with a length of 200 m and a width of 50m were established in each sample plot for data collection. An observer walked along the middle of each line transects and observed at a distance range of 0 to 25m on each side to identify and count cavities. The initial nest inventory were carried out during nonbreeding months of the Grey Parrot to avoid disturbing of any breeding pair. When a cavity was detected a pair of binoculars was used to observe details of its size and suitability for a parrot nest.If it was suspected to be suitable for nesting; an observer climbed the tree and made detailed observations. Robes made with tough nylon materials were, used as tree climbing gears. Two robes of about 50 m but of different weights were frequently used. A very light robe was tied on carved stone and thrown over a tree branch to roll over it and fell back to the ground. A big robe was then tied to the light one and pulled to roll over the same tree branch. The climber then gripped the big robe on the tree branch and used it to climb the tree to the position of the nest. When the climber reached the nest he pointed the torch-light beam into it. Clues of the bird activity (such as loose feathers and eggshells or even abandoned eggs) were, looked for in the cavity. When any of such clues were found, it could be concluded that the nest was that of a Grey Parrot.
In the whole study area 362 trees were identified as potential nesting hollows for Grey Parrots. Difficulties were encountered in accessing many of these nesting trees, as some of them were found in flooded or marshy areas. Finally 120 nests were maintained carefully, examined for active occupancy and monitored for nesting activities. Since most of the nests were not concealed the investigators could easily monitor their entrances from a few meters away while hiding below the nest-bearing tree on a line transect. The 120 nests were located in plantations (18 nests) primary forest (25 nests) and secondary forest (77) in the study area. An identification number was assigned to each nest and the coordinates were recorded by GPS.
Dimensions of nests and nest sites
Further close examination of each nest was carried out exclusively outside reproduction period of the parrots (November to February) to avoid disturbing a breeding pair. For close examination and measuring nest dimensions a trained tree climber used the robe climbing gears to climb each tree to the level of the nest. For nest dimensions information was collected on the diameter of the entrance depth and internal diameter. For more accurate measurements of the depth of nest, a long flexible ribbon tape of about 150 cm was introduced into the nest until it touched the bottom. The tape was then marked at the entrance of the nest and the readings recorded in centimetres.
For measurements of the internal width of the nest the tape was introduced horizontally into the nest until it touched the opposite side. The corresponding point at the entrance was then marked and read in centimetres. Each tree climber had a "parrot nest mirror" (a periscope with a mirror and a torch) that was locally made and used for observations and descriptions of the contents of the nest. The instrument was pointed at a reasonable height at the entrance of a nest and a torch light pointed into the nest. The light from the bottom of the next reflected on the mirror and the nest contents was observed.
The height of each nest from the ground was measured using a 50 m tape when the climber was at the level of the nest. Canopy diameter of each nest-bearing tree was measured by the vertical projection of the canopy edges at ground level. Two perpendicular diameters of each canopy were taken and the average recorded. The total height of tree bearing the nest was measured by triangulation method with the aid of a laser meter. The circumference of each tree trunk was measured at breast height using a ribbon tape graduated in meters. When the buttress of the tree was more than 2 m above the ground a scaffolder was built to allow measurement of the circumference of the tree trunk; this technique enabled us to calculate the diameter of the nest-bearing tree from the following formula:
Characteristics of nest sites and especially the vegetation cover were described. These parameters were measured to determine the impact of neighbouring trees on nest site selection criteria. All the trees found within a circle with 25 m radius whose centre was the tree bearing the nest were measured.
Tree species with nest cavities were identified by botanists from the National Herbarium in Yaoundé, Cameroon. For this purpose the fresh leaves were harvested and preserved using paper and cardboard presses. For trees that seemed difficult to be identified their roots bark and fruits of the tree were also collected and stored in sealed plastic bags and labelled. Likewise the local names, collection sites, the season and other characteristics of tree species were noted. The type of vegetation around the nest-bearing tree was recorded and classified into three categories: primary forest (dense evergreen rainforest) secondary forest, cocoa plantation and annual crop plantation (corn field, cassava field, fallow farms, etc.).
Determination of nests occupancy rate.
Active nests were, identified and monitored during breeding seasons to determine the nests occupancy rates. A major indicator of valid occupancy was the active and frequent presence of a breeding pair around the nest site. Key observed activities of a breeding pair included going in and out of a nest, guiding of the nest from predators and feeding of nestlings (Amuno et al., 2010) . The best time to observe active nest occupancy was during the breeding season for example from May to October. During this period a breeding couple was regularly seen near their nest. When a parrot was not found around a suspected nest a machete was used to hit the trunk of the tree and resulting noise draw the attention of the bird and it sent out its head to see where the noise was coming from or flee away. If there was no reaction from the nest, it was assumed that there was no bird in there. This method allowed us to distinguish between active nests and those not active following two to four consultative visits per month.
Statistical analyses
The density of nests in each vegetation type was calculated by dividing the number of nests encountered by the total area of the plot. The entire area of each tree canopy was calculated and then divided by the area of the circle (πr 2 = 3.14 × 25 2 ). This method enabled us to, obtain the vegetation cover and was, expressed in percentage. ANOVA test was used for the comparison of mean nest measurements between active and inactive nests at the probability level, α = 0.05. Chi-squared test was used for the comparison of nests occupancy rates over years in the different localities and the nests repartition on the type of vegetation (α = 0.05). The normality of nest characteristics was tested using the Kolmogorov and Smirnov method. When the samples did not show normal distribution, a non-parametric test of Kruskal-Wallis was, used. The equality between variances was, tested using the Barlett test. The regression and correlation methods were carried out using the GraphPad InStat 3.0 software for various variables (nest height, trunk diameter, canopy diameter, nest entrance length, the internal diameter of the nest and nest depth).
RESULTS
Distribution of nest density
Cavities were observed on many tree species in the study area and those associated with the Grey Parrot identified and carefully monitored for confirmation. Nests of Grey Parrots were found in many sites in the field and were identified for both in primary and secondary forests and both active and fallowed farms. The forest tree species were more diverse than those found in the farmland. Table 1 presents the distribution of nests densities in major vegetation types in the study area. The total density of nests of the Grey Parrot in the sampled area of 160 hectares was 0.43 nest/ha, corresponding to 69 nests identified. The density of occupied nests (54) in the study area was slightly lower than the total number of identified nests and corresponded to 0.34 nests/ha. When major vegetation types in the study area were considered the highest occupied nest density was observed in secondary forest (0.45 nests/ha) and lowest in seasonal crop plantations (0.23 nests/ha). These were farms used to grow seasonal crops like maize and beans which were harvested within a season (rainy or dry seasons).
Height of tree with nest
Nests were found on very tall trees of 25 to 45 m in the forest. A majority of tree species identified with parrot nests were usually found in secondary vegetation. The lowest nest cavity was at 9 m (two nests had this measurement) and the highest was at 37 m. The smallest circumference of these nesting trees was 180 cm. A majority of them had circumferences ranging from 184 to 231 cm. The largest circumference value was 244 cm and the record was obtained only on one tree. It should be noted that trees such as Terminalia spp. Had most of their buttresses at breast height and their circumferences were, measure above the buttresses using a scaffolder. All identified nests were found on the main stem or bole of the tree ( Figure 6 ). A majority of them were found between 1 to 5 m below the crown of each tree ( Figure 6H ).
Nest tree species used by the Grey Parrot
As a secondary nester the Grev Parrot relies on natural agents to create suitable nests and uses them as an opportunist for breeding. Naturally many tree species form cavities but not all the cavities can be used for breeding by the parrot depending on the suitability of each of them. Figure 2 represents the percentage of nest tree species which were identified and used by Grey Parrot for breeding activities. Triplochiton scleroxylon was the second most used tree species with a frequency of 5% (Figure 2 ). The two most used trees are secondary vegetation species. Nesting trees were usually dominant in height surrounding trees and especially tree canopy in the site where they were found. Although climbers such as vines were usually found at the site they were in most cases absent on crowns and stems bearing useful nests to the parrots.
Shape of nest entrance
Natural tree cavities have various forms or shapes and the entrance into each nest can be used as a criterion for occupancy. Results on the shape of each nest used by the Grey Parrot is presented in Figure 3 . Shapes of entrance identified were round, square, rectangular and the rest were an intermediary between these forms (classified as "others"). It is clear from Figure 3 that the forms of nest entrance used by the parrot were diversified. However, nests with rounded entrance were the most common (85.42%), followed by those with a mixture of all forms designated as "others" (8.33%), then by rectangular nests entrance (4.17%), and lastly by nests with squared entrance (2.08%). A significant difference (P<0.05) was observed between the proportions of round nest entrance compare to "other" forms of nests.
Dimensions of trees and nests used by the Grey Parrot
Natural forces create cavities in various forms depending on many factors including the species and age of tree and the environmental conditions. From the preceding results we have observed that some tree species such as T. superba frequently provide such suitable nests. However, the unanswered question is, "What makes an appropriate nest of a Grey Parrot"? We took dimensions of active Grey Parrot nests in this study as an attempt to know the important criteria for a suitable nest. Table 2 shows average nest measurements and those of trees containing the nests in the three localities of the study area.
The results presented in Table 2 shows that no significant difference was observed in nest depth internal diameter, width of the entrance, length of the entrance and the diameter of the trunks among the different localities. The mean height of nests in KNP were significantly higher (P < 0.05) compared to that of Oveng and Mengame area. The average height of trees in Mengame was significantly lower (P < 0.05) when compared to Oveng and Kom National Park localities.
The correlation between nests characteristics and tree dimensions were very variable (Table 3) . Only one nest was, observed at a height less than 10 m. Very few nests had depths greater than 100 cm, 5 of the 120 nests (0.04%). On one hand, the Grey Parrot prefers nests that are not too deep or too shallow (with a range of 40 to 70 cm). It was noted that nests which had depth less than 30 cm, had an upward cavity extension that increased the volume of the internal cavity. On the other hand, a majority of nests used by the Grey Parrot were located on the upper three-quarter region of the tree trunk or on the stem of a broken branch firmly attached on the trunk.
From the matrix of correlation presented in Table 3 , it was evident that the height of trees was significantly correlated with the diameter of the trunks, diameter of the canopy and the length entrance of the nest. The diameter of the trunks was significantly correlated with the diameter of the tree canopy. Nest height was, not significantly correlated with the internal diameter of the nest. A significant correlation was also observed between nests entrance length and the nests depth.
The position of a nest on a tree is important for many reasons, including the security of the animal that can live in it. Data from this study show that the ratio of the heights of nest cavities to the height of trees was equal to 65.02% (n = 144). This result means that the cavity is placed in the upper part of the tree, usually on the trunk (70.14%, (101 of 144 nests) or at the end of a broken branch more or less adhered to the trunk (29.86%, 43 of 144). Preferred nests by the parrot were located on tall trees up to 40 m rather than on low ones. Suitable nests were rarely found on secondary tree branches.
Nest materials
Attempts were made to identify various types of substrates used in nests by the Grey Parrot. Active nests could not be visited for this exercise because human presence could disturb nesting activities. Active nests were visited during non-nesting seasons. The bottom of each nest was inspected using a beam of light from a torch pointed to the bottom of the nest and the bottom viewed through a hand held reflecting mirror. Major substrates identified in the nests were dust from rotten wood, leaves, faeces and feathers. Figure 4 shows the various materials used as substrates at the bottom of the nests. It was evident from the result that at least one type of material was found in the nest of the Grey Parrot. In some cases, a combination of the materials was found in a nest such as wood dust and feathers or wood dust, feathers and faeces or feathers.
The dead wood dust was derived from the walls of the nest as these materials were observed to have the same texture. When preparing the nest at the onset of the nesting season the parrot pecks the walls with its beak and deposit the chips and dust at the bottom of the nest. This behaviour continues during incubation of the eggs as it has the habit of peaking on objects around its vicinity. Wood dust and chips serve as cushion and warmth insulators for the eggs and chicks. They are supplemented with down feathers during egg incubation.
The parrot prefers dry wood dust to the wet one. It was suggested that the wet wood dust found in the nests were as a result of rain splash or leakage of the nests. Least materials found in nests were eggshells derived from either hatched eggs or predated ones. Only 4.86% of the nests contained debris of eggshells. Faeces were found in all the used nests and were assumed to be left by the chicks after fledging. It is not known that the Grey Parrot brings in materials into the nest. The presence of leaf debris in the nest might have been dropped by the wind parrot themselves or other animals such as squirrels or birds that can also use the nest especially during nonnesting seasons of the parrots.
Distribution of nests
The vegetation cover of most nest sites, were greater than 30% Figure 5 . Few nests were found with vegetation cover of less than 10 %. The nests with vegetation cover less than 30% were found in plantations with annual crops where some trees were left to provide shed to crops. Above 70% of the vegetation cover 24 nests were found and this was in mixed secondary and primary vegetation Figure 5 . A majority of parrot nests were present in secondary forest with a proportion of 32.72 % (16 nests over 54). This value was followed by primary forest (30.25%, 16 nests), cocoa plantations (19.75%, 11 nests) and finally by annual crop plantation with the lowest proportion of nests (17.28 %, nine nests). However, no significant difference (X 2 = 4.730; dl = 3; p = 0.1926) was observed in the distribution of nests in relation to vegetation type in the study area. The Grey Parrot nests were found close to human habitats such as villages, compounds and road sites. A few nests were found within 100 m from the nearest houses in villages. Between 100 m and 500 m, 23 out of a total of 120 identified nests were found representing 19.16% of the nests. A majority of the nests were found further than 2 km and beyond from nearest houses in villages.
DISCUSSION
Nests density and tree species used by the grey parrot
The highest density (0.45 nest/ha) of active nests were found in secondary forest. This density is slightly greater than that obtained (0.373 nests/ha) by Tamungang and Cheke (2012) in some localities of the South and East Regions of Cameroon. A secondary forest is a logged primary forest or degraded agricultural land which has been abandoned to regenerate for many years. Such a forest is good at producing trees with suitable nest cavities for the Grey Parrot. This vegetation type also attracts many other birds and especially understory species (Bobo and Waltert, 2011) , since they are rich in food diversity (Tamungang and Ajayi, 2003) and other habitat resources. Other importance of a secondary forest to a primary forest for the Grey Parrot are that trees may be less congested and therefore provide good visibility for security thereby reducing predator access to nest contents. In a similar study carried out by Tamungang et al. (2016a) in the South West Region of Cameroon, it was observed that the population of the Grey Parrot was higher in mixed secondary and farmland outside the Korup National Park than inside the park area (which was mainly primary forest).
In several sampled localities (Oveng, Akom I Mebassa, Endone, Bitche, Mengame I) nests were found within a distance of 50 meters from the village squares where the The low nest density observed in annual crop plantations (0.23 nests / ha) could be explained by the fact that selective clearing of tree vegetation to enable crops to have access to sunlight and limits the availability of suitable nesting trees. The density of natural cavity breeding birds such as the Grey Parrot can be negatively influenced by the scarcity of suitable nests. Since natural forces provide such nests in a random manner the Grey Parrot searches for a nest that meets its desired characteristics. Finding a nest that meets such requirements is not an easy task for the bird since there can be in intra-specific and inter-specific competitions for such a nest. Similar observations were made by Brightsmith (2005) and Heinsohn and Legge (2003) . This difficulty can push a ready to breed pair of parrots to take up unsuitable nests or postponing nesting activities until when a suitable nest is found. A breeding parrot pair may take up an inadequate nest that meets some minimum nesting conditions as shown in Figure 6I . The work of Newton (2007) revealed that the scarcity of nests can influence the densities of breeding pairs of birds in natural cavities. This shortage of nest can limit the physical size of the breeding population of birds as described by Beissinger and Bucher, (1992) ; Martin et al., (2014) .
The Grey Parrot used fourteen tree species for nesting. Most of the nests were found in the trunks of Terminalia superba (family, Combretaceae), a tree species highly preferred by the parrot for nesting activities ( Figure 6H ). The use of similar tree species has been documented in other bird species like the Electus Parrot (Electus roratus) (Heinsohn and Legge, 2003) . In Sumba Island, 83% of nests of the Electus Parrot were found in two tree species (Tremameles), (Marsden and Jones, 1997) . This frequency of use of woody species is closer to the one obtained (84 %) by this study for T. superba. There is a huge destruction of secondary forest trees for plantation farming in the endemic habitats of the Grey Parrot. The consequence of deforestation can be a direct reduction of the number of nesting sites which leads to the reduction of the population size of the Grey Parrot and similar breeding bird species (Bessinger and Bucher, 1992; Tamungang et al., 2013; Olah et al., 2016) .
Conservation implication of various nest characteristics
The first step of bird nesting is to search for a suitable nest site. The need for an appropriate support and concealment as well as the need for protection against opposing forces of the environment governs the selection of the site (Figure 6 ). In general birds that nest in natural cavities (like the Grey Parrot) are more restricted in their choice of suitable nests than those that create nest cavities (like woodpeckers) and those that build nests using twigs on a tree (like warblers) (Brawn et al., 1988; Kerpez and Smith, 1989; Blem and Blem, 1994) . Moreover, a bird that builds its nest is more flexible in searching for a more suitable site and use better materials for its construction. An ideal nest becomes difficult for a Grey Parrot to find since, it relies on natural agents to create a suitable nest cavity. The first restriction is that cavities are not readily available since any tree species cannot produce one. The second restriction is that even if a cavity is found it may not meet the desired conditions of the bird (Figure 6 ). A suitable nest may therefore lack one or two desired characteristics since the bird could not modify its nest to a certain extent (Figure 6 I) . If the bird cannot cope with the existing conditions of the nest and it cannot change the structure of the nest to a certain extent to suit its preferred condition it abandons it and looks for a more suitable one. A closer look at nest features can reveal some of the challenges faced by the parrot in search for a suitable nest.
Nest entrance
Natural cavities are formed with various entrances depending on the forces that led to the formation of the cavity and its position on the tree the size and species of the tree. As a secondary nester the Grey parrot selects without modification an entrance to a nest that suits its desired characteristics. Most of the desired characteristics are to ensure the security of the parent birds and the juveniles.
The Grey Parrot prefers nests with rounded entrance ( Figure 6E ). The formation of cavities with a circular entrance in the trunks or branches of Terminalia superba is higher than in other species of trees and the Grey.
Parrot takes full advantage of it for a nest cavity. Nest entrance dimensions vary and may not be suitable depending on how the nest was formed. An extra big entrance makes the nest contents vulnerable to predation while and an extra small entrance makes movement in and out of nest by parent birds difficult.
The depth of nest and internal diameter
Most African parrots select their nests in the holes found in the tree trunks and some have specific requirements that make them suitable for breeding (Mawson and Long, 1994; Nelson and Morris, 1994) . However, little information exists on nests characteristics of the Grey Parrot in tropical rainforests (Marsden and Jones, 1997) . The Grey Parrot selects its nest generally in deep holes in the trunks of big trees formed on the tree trunk or the stem of a branch with a large diameter. If the depth is too shallow the bird has a risk of being, exposed to predation. If the nest is too deep movement in and out of the nest may be challenging to the parent birds especially when taking care of the broods. Furthermore, a nest that is too deep exposes the bird to a high risk of predation since it may not readily escape from imminent danger. It was observed that while sitting in the nest a parent Grey Parrot frequently sticks out its head outside the nest to monitor any disturbance or imminent danger outside the nest. The bird can fly out of the nest depending on the nature of the threat. The bird would have difficulties in monitoring such danger and escaping if the nest is very deep. An optimum depth value is often chosen to maximise optimum breeding conditions by the parrot. The Tamungang et al. 151 internal diameter of the potential nest may be too short to accommodate the parent bird(s) and the future nestlings ( Figure 6F ). The nest may be too deep to permit easy accessibility (movement in and out) and to provide good security ( Figure 6C ).
Tree height and height of nest
The height of a nest is shorter than tree height since the nest is located below the tree canopy ( Figure 6H ). The height of a nest is crucial for a successful breeding season and this is even more important in the rainforest with frequent rainfall and floods. Very tall trees provide higher nests which are above the canopy of emergent surrounding vegetation and hence free from too much humidity and lianas ( Figure 6H ). Larger mammalian predators may also reach such heights to eat the contents of active nests. The commanding height of nest also offers an excellent visibility for monitoring of nest against predators. However, the mean height of the trees was significantly lower in Mengame compared to that of another area. This can be explained by the fact that outside the protected area in Mengame big trees were exploited by villagers for the creation of plantations artisanal work and by logging companies. Even inside MGS big cocoa and banana plantations are found. The height of nest from the ground may not be safe from predation. Snakes, squirrels and Falcons can prey on the eggs and nestlings of the parrot.
Nest orientation and concealment
The majority of nests entrance occupied by, the Grey Parrot were situated against rain splash and the surrounding vegetation. This disposition limits the entry of rainwater into the nests also enhances security from a predator that can use the surrounding vegetation to enter the nest ( Figure 6C, D, I ). Wind and rain directions about nest entrance are dangerous as they may cause nest drainage problems. This observation is the main reason why some nests had dry wood dust while others had wet wood dust. Dry wood dust makes a better nest since it is void of rain infiltration.
Conclusion
The Grey Parrot does not choose a nest for breeding randomly; certain minimum criteria are met in selecting a suitable nest. A suitable nest is a natural cavity on a truck or a branch of a tree sufficiently high from the forest floor, with a round entrance that is not too small or big, limit rain infiltration, must, not be concealed by surrounding vegetation and must not be too deep or too shallow. In the wild it is difficult for the parrot to meet the ideal nest characteristics and so the bird tends to optimise its choices for a suitable nest and time for guarding its juveniles against predators. Optimisation enables the bird to compromise some unfavourable features that can eliminate some competing ecological pressures. Favourable nest characteristics enable the Grey Parrot to have a successful breeding season by raising the highest possible number of fledging chicks. Environmental constraints include intra-and inter-specific competition from other cavity nesting birds and small mammals such as squirrels. Nest shortages are caused by many factors, which may be natural or anthropogenic events. The biggest anthropogenic problem is that of deforestation, which drastically reduces the natural number of nest cavities that can be used by the parrot for breeding. Physical factors include the inability of many tree species to produce suitable nest cavities that meet the desired characteristics of the Grey Parrot. Knowledge on nesting preferences of the parrot can be, implemented in the field and captivity to improve on the breeding of Grey Parrots. Specifically, results of this study can be used to design artificial nests to improve the number of natural cavities in the wild.
RECOMMENDATIONS
(i) Lack of suitable nest sites can be a major limiting factor to the population growth of Grey Parrots in Cameroon. This problem statement can be tested by carrying out a study on nest density and occupancy in relation to Grey Parrot population growth over time.
(ii) Due to nest scarcity, Grey Parrots can re-use the same nests for many breeding seasons. Similarly, lack of suitable nests can cause some parrots to occupy unsuitable nests as shown in Figure 6 I. More information is needed through radio tracking of parent birds to ascertain re-use of nests and types of competition nesting exhibited. (iii) The indiscriminate felling of nest trees for socioeconomic goals lead to nest scarcity for parrots. It is recommended that:
An enrichment planting of nesting tree species should be carried out in protected areas and in their support zones to increase nest availability to the parrots.
Artificial nest cavities should be made with the characteristics presented by this study and tested for breeding of Grey Parrots.
Results of this study and similar ones have shown that Grey Parrots prefer to use secondary forest nesting trees and roosts around human settlements than primary forests. It is strongly recommended that villagers should learn through conservation education programmes to cohabitat with the Grey Parrot in their villages to enhance long-term survival of the bird species in the wild.
